The use of computed tomography (CT) to screen for injuries in pediatric blunt abdominal trauma (BAT) is increasing, concurrent with increasing concern over long-term risk of radiation-associated malignancies. We proposed to determine features that could be identified in the early assessment of these patients, which can predict the likelihood of clinically important intra-abdominal injuries warranting imaging by CT. We further queried if these were discrepant from factors associated with the decision to obtain an abdominal CT.
U
nintentional injury is the leading cause of death for individuals between the ages 1 year and 16 years, with the majority of these deaths caused by mechanisms often associated with blunt abdominal trauma (BAT) such as motor vehicle crashes, falls, and direct blows. 1 Computed tomography (CT) has quickly become common place in the evaluation of BAT in children. 2 It allows detection and grading of severity of solidorgan injuries in a noninvasive manner, which may then be managed according to predetermined guidelines and can identify other injuries not obvious on physical examination or simple radiography that may require intervention.
These advantages of CT have translated into the escalation of its use, resulting in exposure to ionizing radiation from medical imaging, increasing sevenfold since the 1980s. 2 CT scanning now accounts for approximately half of the exposure to an average North American, with half of this being a direct result of CT imaging. Currently, approximately 11% of scans are performed in the pediatric population. 3 Concerns of malignancy risks from radiation exposure during CT scanning in children were first broadly publicized by Brenner et al. 4 in 2001. Guidelines to help determine when CT scanning is appropriate in the assessment of pediatric trauma patients might help to reduce its use in cases with a low pretest probability of identifying clinically significant injuries. Recently, Holmes et al., 5 with a single-center study in the United States, suggested that increased likelihood of CT identifying significant abdominal injuries following pediatric BAT was associated with low age-adjusted blood pressure (BP), abdominal tenderness, femur fracture, increased liver enzymes, microscopic hematuria, or low hematocrit level. Streck et al. 6 validated several of these factors, including other clinical variables, to increase its specificity in this role.
When recognized that the rate of use of CT in the United States is two to three times higher than in Canada, there may be additional pressures to use CT scanning south of the border and/ or pressures to dissuade its use in Canada. 7 Hence, there may be a proportion of injuries that are clinically insignificant and are never identified when assessed in the Canadian context. This may permit easier identification of any associations between variables identified in the emergency department (ED) assessment and the presence of truly significant injuries. For this reason, we set forth to conduct a multicenter retrospective review to identify clinical, radiologic, and laboratory variables that could be positive predictors for the identification of injuries after BAT in children seen at two Level I Canadian pediatric trauma centers. Second, to understand what influences Canadian physicians to obtain a CT abdomen in the acute phase of trauma workup, associations between these variables were determined, and those patients who actually went on to have an abdominal CT scan. Variations between variables actually associated with intra-abdominal injuries and those associated with obtaining a CT scan may present opportunities to address barriers and/or education needs to reduce costs associated with lowyield studies.
PATIENTS AND METHODS
A retrospective chart review was conducted of patients 1 year to 16 years of age sustaining blunt trauma, admitted to one of two Canadian Level I pediatric trauma centers between April 1, 2004 , and March 31, 2010. Cases included those with a discharge diagnosis of abdominal or thoracic injury, those having had a CT abdomen for trauma, and/or those entered into the regional trauma registry. Patients were excluded if they presented to the trauma center more than 24 hours after their injury. Patients were grouped into those with or without an intra-abdominal injury. Confirmation of intra-abdominal injuries was made with detailed ultrasound, CT scan, laparotomy or laparoscopy, and/or autopsy report. Those with an injury were subdivided into having a ''notable'' or ''clinically important'' injury. Notable injuries were defined as injuries (any grade) to the liver, spleen, kidneys, bladder, and other parts of the genitourinary system, intestine, mesentery, pancreas, or adrenal system. Clinically important injuries were defined as hollow viscus (e.g., bladder, intestine), injuries that required surgical intervention, or solid-organ injuries that were graded as Level 3 or higher or required operative intervention. This distinction was made because injuries to solid organs with a grade less than 3 almost never require intervention. 8, 9 The pre-CT clinical and laboratory variables recorded from presentation to the ED were age, mechanism of injury, presence of hypotension (systolic BP G 91 mm Hg), complaints of abdominal pain and/or tenderness on examination, Glasgow Coma Scale (GCS) score less than 14, presence of pneumothorax, free fluid on Focused Abdominal Sonography for Trauma (FAST), and presence of a femur fracture (as proxy measures of significant kinetic energy transfer upon injury). Only laboratory results obtained within 12 hours of injury were studied, including hematocrit less than 30%, elevated alanine aminotransferase (ALT 9 125 U/L), and hematuria (95 red blood cells per high-power field). Reports of all abdominal CTs and reports of CTs of any other body regions were also collected.
Univariate analyses were used to determine associations between pre-CT variables and outcomes of interest (presence of a notable or clinically important intra-abdominal injury and performance of an abdominal CT at the trauma center). Continuous variables (age, Injury Severity Score [ISS]) were dichotomized at the level of the upper quartile. Unadjusted odds ratios (ORs) of associations were determined using W 2 analyses. Backward stepwise logistic regression was applied using all variables reaching a p G 0.20 to determine the adjusted ORs, with 95% confidence intervals (CIs) not spanning 1.0 and p 9 0.05 ultimately considered statistically significant. All analyses were performed using SAS statistical software version 8.2 (Cary, NC). This study was approved by the research ethics board of each center in the study.
RESULTS
Five hundred seventy-one patients were included with a mean age of 10.5 years, 66.4% of whom were male. Fourhundred forty patients (77.1%) underwent a CT of the abdomen, and of these, 47.5% also underwent CT of at least one other body area. Two-hundred twelve patients (37.1%) were ultimately diagnosed with notable intra-abdominal injuries, and 102 (17.9%) sustained clinically important intra-abdominal injuries. One-hundred ninety-eight patients with an injury (93%) had their diagnosis made by CT of the abdomen, 15 by laparotomy, and 2 by laparoscopy. The vast majority of injuries were solid organ; hollow viscus injuries made up 2% (9 intestinal, 1 bladder rupture). Of those with notable or clinically important injuries, the mean age was 11.0 and 10.9 years, respectively, and the male proportion increased to 69.8% and 70.6%, respectively. Of the mechanisms of injury, more than 50% of patients sustaining blunt impact from a bicycle handlebar or direct blow to the abdomen sustained at least a notable intraabdominal injury (Table 1) . Distribution of clinical and laboratory findings among all cases, identified before CT of the abdomen and/or laparotomy, are shown in Table 2 . 
Associations Between Pre-CT Variables and Presence of Intra-abdominal Injuries
Univariate associations between pre-CT finding and presence of a notable intra-abdominal injury are shown in Table 2 . After controlling for covariates, only patients with clinically concerning abdominal findings (complaints of pain and/or tenderness), those with any degree of hematuria, and those with elevated serum ALT remained significantly associated with the eventual diagnosis of a notable intra-abdominal injury (Table 2) . When considering clinically important injuries only, multivariate modeling revealed only low hematocrit level and hematuria to be independent predictors (Table 3) .
Of the clinically important injuries, 10 involved rupture of a hollow viscus. All nine cases of intestinal injury and one case of bladder rupture had a clinically concerning abdominal assessment upon presentation to the ED. Of these, nine underwent an abdominal CT scan and all revealed free fluid, four demonstrated pneumoperitoneum, and three demonstrated mesenteric stranding. All ultimately underwent surgical management, one having gone to the OR based solely on clinical findings without any presurgical imaging.
Associations Between Pre-CT Variables and Undergoing an Abdominal CT
After univariate analysis, concerning abdominal findings, age less than 14 years, GCS score less than 14, hematuria, elevated serum ALT, and/or also undergoing a CT of another body region were individually associated with receiving a CT of the abdomen. However, after controlling for all covariates, only the presence of hematuria and plan for a concomitant CT scan of the head remained significantly associated with undergoing a CT abdomen (Table 4) .
DISCUSSION
Blunt abdominal injuries are common in childhood trauma, and their burden on ED visits and hospital admissions is significant. 10 Furthermore, for fear of ''missing'' injuries, the burden of investigation for these injuries can be huge. Historically, CT scanning has been used as one of the initial means to look for intra-abdominal injuries, whether clinical findings suggest injury, often in the context of a ''pan scan.'' With the recognition of the long-term impact of high-dose radiation associated with CT scanning in children, 4 the use of CT in childhood trauma has become more selective, especially in centers with experienced clinical evaluators and who are comfortable in the watchful waiting management of children who have sustained major trauma. In centers that do not see pediatric trauma on a regular basis, such as in rural areas, this level of comfort may be lacking, resulting in CT scanning performed in situations of low suspicion. 11 This has been observed in Canada, where nonpediatric general surgeons faced with management of a child with a potential splenic injury are more likely to obtain an abdominal CT scan for diagnostic as well as follow-up purposes than a pediatric surgeon working in a major pediatric center. 10 Much work in this area has been performed by Holmes et al., 5 who initially identified and internally validated six clinical predictors of patients at risk for a notable intra-abdominal injury, thus warranting further investigation for injury: low age-adjusted systolic BP, abdominal tenderness, femur fracture, increased liver enzyme levels (serum aspartate aminotransferase 9 200 U/L or serum ALT 9 125 U/L), microscopic hematuria (95 red blood cells per high-power field), or an initial hematocrit level of 30%. As a means to determine clinical variables that can be quickly identified, Holmes et al. also recently published their work prospectively deriving and internally validating a prediction rule identifying children at low risk for injuries requiring any intervention, for whom CT scanning could be obviated. 12 Clinical variables in their rule include no evidence of abdominal wall trauma or seat belt sign, GCS score greater than 13, no abdominal tenderness, no evidence of thoracic wall trauma, no complaints of abdominal pain, no decreased breath sounds, and no vomiting. When restricting the variables in this rule to those that can be readily identified in the ED, this list presents a practical means by which the need for CT can be ruled out. The authors acknowledge, however, that when used as a means to determine when a CT is needed, especially if used individually, this rule could potentially increase the use of CT scanning and the resultant rate of negative scan results. It is possible that the addition of laboratory results, especially hematuria and increased liver transaminases as demonstrated in this study and by others, would favorably complement these clinical finding in increasing the specificity of a decision-making rule.
The role of FAST as a tool to screen children with BAT to determine likelihood of injury is an attractive concept that may significantly increase the specificity of a decision-making rule. 13 For example, of the six children with clinically significant intra-abdominal injuries in the most recent study of Holmes et al., who would have been missed by their 7-point clinical rule, all were ultimately found to have hemoperitoneum that may have been identified by FAST. 10 Evidence of the utility of sonography was shown by Richards et al.
14 who clearly demonstrated in their pediatric cohort that the presence of free fluid and/or solid-organ parenchymal damage on ultrasound in the ED after BAT had high specificity (97%), although its sensitivity was only moderate (56%). Others have demonstrated the value in combining the findings of free fluid on ultrasound with other factors, such as liver function tests, in identifying intraabdominal injuries in the pediatric population. 13, 15 In keeping, all nine cases of ruptured hollow viscus injuries in this study that required investigation before surgical intervention had free intra-abdominal fluid.
The role of ultrasound in improving such a prediction rule, either in a FAST or in specifically evaluating solid viscera in addition to the presence of free fluid, still requires further study. Although not universally used in all pediatric EDs in Canada, its utility in assessing trauma and nontrauma patients in the ED has become increasingly recognized across the country, paralleling its uptake. 15, 16 In rural areas, uptake has been slower, but it is becoming more widely accepted that the addition of ultrasound for performance of a FAST and other indications, to the training of rural and urban emergency physicians, is of value in directing care as well as triaging the need for transfer to more definitive care. 16Y19 Its utility may be even greater when a reliable physical examination is not possible, such as in the case of reduced level of consciousness. In this study, FAST results were excluded from the predictive rule because it was only used in the assessment of 22 patients. It is likely that further work in this area should and could include the results from a FAST as a component of any predictive rule. It is known that many rural and/or nonpediatric specific physicians rely much more heavily on imaging with CT scanning for pediatric trauma than those in pediatric centers and are more likely to operate on certain injury patterns versus nonoperative management. 10, 20, 21 The development of a rule that can be used in both the Level I trauma centers and in referring centers, either identical or modified for each setting, would be of great use, not only to limit radiation from CT scanning within a regional system but also to have the potential for use as a criterion for patient triage to higher levels of care. That is, it could be used to trigger an automatic transfer to the regional pediatric trauma center, without a previous CT, reducing the risk of delays in transfer and also reducing the risk of unnecessary repeat scanning when images from the periphery are not transferrable to the receiving trauma center, a practice that is not uncommon and comes with a significant cost of both patient exposure to radiation and of resource use. 20, 22 It is of interest to note that variables associated with undergoing a CT of the abdomen were similar to, but not inclusive of, all predictors of a notable or clinically important intraabdominal injury. Ultimately, only the presence of hematuria was common to both, while clinically concerning abdominal findings did not predict performance of a CT. It is unlikely that this would have been caused by patients with clinically important abdominal findings being triaged to the OR before imaging because this only occurred in one patient. It is possible, however, that this represents a classification error caused by the retrospective data collection where documentation of clinical findings may be missing or inconsistently recorded.
Undergoing a CT scan of the head also remained significantly associated with undergoing an abdominal CT. This could be caused by neurologic compromise of the patient not only dictating need for a CT of the head but also compromising the clinical assessment of the abdomen, justifying the need for thorough imaging to ensure nothing is missed. Although a statistically significant association between undergoing a CT abdomen and a GCS score of less than 14 was no longer present after multivariate analysis, we did observe that only 49% of the patients in this study with a GCS score of less than 14 were recorded to have significant clinical abdominal findings compared with 79% of those with a GCS score of 14 or greater (OR, 0.3; 95%CI, 0.2Y0.4). Limitations of any retrospective review include interpretation of recorded clinical findings; however, this finding may support interpretation of neurologic compromise also compromising clinical assessment of the abdomen. Further support to this is that only 63% of children with clinically concerning abdominal findings underwent a pan scan (CT of the head + C-spine + abdomen +/j chest) compared with 77% of those without documentation of clinical findings (OR, 0.5; 95% CI, 0.3Y0.8). There may also be a decreased threshold in deciding to scan the abdomen if the head was going to be scanned anyway. That is, the perception of radiation risk to the patient may be perceived as lower when already having another region scanned. Ultimately, there was no significant difference in finding a notable or clinically important abdominal injury with a pan scan versus selective abdominal CT scanning (data not shown). As has been advocated by others, this stresses the value of a clinical decision rule that includes clinical findings and objective variables (laboratory, simple radiography, FAST) to direct the use of abdominal CT scanning in pediatric BAT. 5, 6, 23 The predictive variables determined by this study vary slightly from those found by Holmes et al. 5 and would require validation in a prospective study. Our multicenter study did not find femur fracture, low age-adjusted BP, or low hematocrit level to be independently associated with notable or clinically important intra-abdominal injuries. Indeed, if we were to apply the positive variables of hematuria (any amount), femur fracture, low age-adjusted BP, low hematocrit, or abdominal tenderness to this retrospective data set, 94.8% of all notable injuries would have been identified (sensitivity), while 71.8% of those without an injury would also have been suspected (specificity, 28.2%) (data not shown). If only clinically important injuries were being sought, the rule would have identified 100% of these cases, with a concurrent further decrease of the specificity (23.9%).
The retrospective nature of this study requires the acknowledgment of its limitations, the most notable being misclassification of the presence or absence of various factors caused by insufficient recordings of findings and/or limitations in the abstraction of data from the charts. Most notable are findings such as ''abdominal tenderness'' or ''complaints of abdominal pain,'' which have a subjective component and can range from minimal to extreme, dependent on both pathology and patient tolerance.
In the same way, these clinical signs and symptoms can be problematic when used exclusively in a prospective manner as part of a decision-making rule. Hence, inclusion of more objective criteria, such as hematuria and elevated transaminases, could strengthen the predictive value of a clinical decisionmaking rule, especially if applied to environments with lower comfort levels with injured children, such as in rural centers. Furthermore, the addition of another objective triage tool such as FAST may enhance the rule by increasing its specificity.
CONCLUSION
BAT is common in children, and there is a need to triage those who would benefit from CT scanning to identify clinically significant injuries while reducing exposure to ionizing radiation. Clearly, any decision-making rule should have high sensitivity and specificity, the latter to avoid the ionizing radiation of CT scanning to children without clinically important injuries. As found by others, hematuria and clinical findings such as abdominal pain and/or tenderness are associated with a high risk of significant intra-abdominal injury and should be included in any prediction rule. The advantages of objective criteria such as laboratory and radiologic findings may offset issues with the subjective assessment of degrees of pain and tenderness. The increasing use of ultrasound may make this a feasible and valuable component of a predictive rule; further prospective studies incorporating its use are needed. 
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